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Abstract 

In this paper we work in perturbative Quantum Gravity and we introduce a new effective 
model for gravity. Expanding the Einstein-Hilbert Lagrangian in graviton field powers we have 
an infinite number of terms. In this paper we study the possibility of an interpretation of more 
than three graviton interacting vertices as effective vertices of a most fundamental theory that 
contain tensor fields . Here we introduce a Lagrangian model named I.T.B. (Intermediate- 
Tensor-Boson) where four gravitational "pseudo-currents" that contain two gravitons couple to 
three massive tensorial fields of ranks one, three and five respectively. We show that the exchange 
of those massive particles reproduces, at low energy, the interacting vertices for four or more 
gravitons. In a particolar version, the model contains a dimensionless coupling constant "5" 
and the mass M$ of the intermediate bosons as free parameters. The universal gravitational 
constant Gj^ is shown to be proportional to the inverse of mass squared of mediator fields, 
particularly Gjv ~ g^/Af|. A foresighting choice of the dimensionless coupling constant could 
lower the energy scale where quantum gravity aspects show up. 



1 Introduction to the Model 



In this paper we consider the perturbative expansion of the Einstein-Hilbert action in graviton 
{hfj,i,) field powers. After the quadratic order that is the free Graviton Lagrangian, the first not 
trivial order is the three gravitons interaction. The subsequent is the four gravitons interaction 
and so on. The interaction vertex that we study with particular attention is the local four graviton 
interaction vertex; we show that we can see this term as a "current-current" interaction in analogy 
with Fermi Theory of Weak Interactions. In a second step we introduce the I.T.B. (Intermediate 
Tensor Boson) theory for Quantum Gravity in analogy with the I.V.B. (Intermediate Vector Boson) 
theory that is the non local extension of the Fermi theory. In this Model we introduce an opportune 
number of Lagrangian terms describing the coupling between currents, made only of gravitons, and 
tensorial bosons of rank 1, 3, 5. The bosons are the analog of the and vectors for I.V.B. 
theory. 

Moreover we show that using only another Lagrangian term we can reproduce the tensor structure 
of all interactions with 5, 6, . . . , n gravitons. Finally we compare the I.T.B model with string 
theory and we propose a new picture where the two theories are two different phases of a more 
fundamental theory. This can be a theory of massless Tensor Fields P, [2], [SI, lEj? [O]; U\, [H]or 
a Yang-Mills theory coupled with Sub-Quark jTU], ^2]. In the second case String Theory and 
the I.T.B model could be two different hadronic phases of a more microscopic sub-quarks theory. 



2 (rr)-Action Gravitons Expansion 

The (rr) action for Gravity is 
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We consider now the fluctuation of the g^^, metric around the flat background r]^y 

9p,u — Vp.i' ~l~ 
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This expansion around the flat background is correct only locally. In fact, for Manifold with non 
trivial topology, the metric can non be globally expanded in rj^jj plus a fluctuation. This expansion 
12.31 is relevant for the description of nature because, in the portion of the Universe where our solar 
system is placed, the intensity of the fluctuation is about \hpy\ ~ 10~^. 

If we observe the Lagrangian 12.11 we see that at any order we have only two derivatives. This is a 
consequence of the definition of the Cristoffel symbols, in fact such symbols have only low indices 



and so the form in terms of h^^y is exact 
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Now using the relation V detA = exp[^Tr{logA)] we can expand the determinant and the inverse 
of the metric g^i, in power of hp^, : 



\l detg = \J det{6 + h) = exp 



-Tr{log{5 + h)) 




n=l 



(-1) 



n-1 



2n 



1 



(2.5) 



{g-^Y" = [(r/ + hY^f = r]^"' - h'"' + {h^Y" - {h^Y" + {h^Y'' = ^{-lYih'^Y'' (2-6) 

n=0 

This second relation can be obtained from the Taylor expansion of (1+x)". Using those relations the 
Lorentz gauge condition d^h^y = and, the mass-shell condition {h^ p = 0, ^h^^) the amplitudes 
can be written 
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+ _h^'-drhp,hf"d^hp^] (2.7) 

Since we are studying the tree level gravitons interaction it is sufficient to consider only the on 
shell Lagrangian terms. In fact all the interactions that contain the tensors dph^i,, ^ and Oh^iy, 
produce amplitudes proportional to k^^e^y, ^ and A:^ that are identically zero on external gravitons 
states. 

Now we introduce tensors with tree and five indexes, that we call "tensor currents" and we rewrite 
the Lagrangian (|2.7() as a "current-current" interaction in analogy with Fermi theory of the weak 
interactions. The currents need to do it are 

Jf,) = {d''Kp)h-P (2.8) 
Ji^^^P = {^''h^''')KP (2.9) 

jl^u^paS ^ (5/./ji^P)/ja5 (2.10) 

Using those currents in the Lagrangian 1)2. 7p we obtain this compact form for the four gravitons 
interaction 

I 2 

" "64^^^ ^ ''(3)'^(3)'^(3)] (2-11) 
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3 Gn Constant Expansion 



The fundamental constant in gravity is the Newton constant Gm that in natural units c = 1 and 
h = 1 is 

Gjv = ^ ~ (10^'Gey)-2 (3.1) 

In front of the Lagrangian we have the factor — q^^q^ , and we can reabsorb it in the definition of 
the graviton field : 

V ^ \/64^GjvV (3-2) 

In this way we obtain mass dimension for the graviton h^i, while the metric is dimensionless. With 
this definition we obtain a factor (647rG7v)2 in front of the n-oder interaction in the gravitons 
expansion of the Lagrangian. The scheme of the Lagrangian with correct powers oi Gn is 

L = (dhdh) + ^/G^{dhdh)h + [^/G^f {dhdh)hh 
+{VG^f{dhdh)hhh + {y^)^{dhdh)hhhh ■■■ = 

oo 

= Y,[{GN)'^{dhdh){hr] (3.3) 

n=0 

Where 647r factors are understood. 

At this point we can rewrite the Lagrangian 12. Ill in the following way : 

L4 = -64TTGN['Elj=i aijJiJj + a(3)'^(3)'^(3)] = (3-4) 
= -j^[TH,j=i o-ijJiJj + a(3) J(3) J(3)] (3.5) 

4 The I.T.B Theory for Quantum Gravity 

As said in the first section the I.V.B theory replaces the Fermi Theory of the weak interactions. In 
this new model the fermionic local interaction becomes a non local interaction with the exchange 
of a massive boson (W^ or W^). The mass of the bosons is exactly the inverse of the Gp Fermi 
constant ((G_p)~^/^ = Mw)- Now we introduce for Gravity an analog of the I.V.B model that we 
call I.T.B (Intermediate Tensor Boson Model). 

In the I.T.B Model the analog of the W' bosons are tensor fields of rang 1, 3 and 5 : 

$M ^I^^P '^fiupar (4.1) 

Such fields couple to what we call "gravitational currents", in analogy with the Fermi model, 
through the following Lagrangian terms with a dimensionless coupling constant, as in the I.V.B 
model. 

hi) = 9Jii{ "^M-P = aid^h'^nK "^f.up 

^(3) = '^^-"-^ = 9{d^h''P)h^-^^,p^r (4.2) 

Those Lagrangian terms reproduce all the local four graviton interactions as a low energy limit 
(M^ ^> k'^) of amplitudes in which gravitons interact through the exchange of massive fields 
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^f,up or ^^upar- 



We introduce now the following tensor factors for the propagetors of the higher spin fields 

4!^ = f r/^. (4.3) 



15 5 7 

- -^Vp-yVuaVpP + QVpfUVu-yVpa + ^V/i-yVufSVpa (4.4) 



^ piUlplSiai , fJ,2U2p2S'20-2 ~^'niJ-lP2Viyiiy2Vpip2'nSi52Vcricr2 ~^ 

3 

"I" 2^PlP.2ViyiP2'nPliy2VSlS2Vo-i(72 + 

5 

~ l^Vp.lP2Vv\U2'npi(J2'n&l&2''l(^lp2 ~i~ 

5 

"i~ i^''ip.\P2'Uv\(T2'npip2'n&iS2'ncr\u2 (4-5) 

We start with the field of rank 3. In this case the Lagrangian is L(i-^ + L(2) and we calculate the 
scattering amplitudes for 4 gravitons using the S-matrix. 

We recall that the S-matrix connects the final state \^{t = +00)) to the initial state = —00)) 
defined by 

\^(t = +00)) = S\^{t = -00)) (4.6) 
The probability to obtain the system in the general state |/) after the scattering, is 

\{fm = +^))\' (4.7) 

and the unitarity of the S'-matrix can be written as 

/ 

The general form of the S'-matrix that has those property is 

-5 = E ^ / • • • / d''xi(fx2 . . . (fxnT[. Lj{xi) :: L,(x2) : . . . : Li{xn) :] (4.9) 

n=0 ^' 

Now we consider the second order in the S-matrix for the Lagrangian Li + L2, with Li and L2 
defined inIO: 

5(2) = ^/ /^'^irf'^2T[:(Li+L2)(xi)::(Li+L2)(x2):] 



d'xid^X2g^[: {Ji;,]'%,p){xi)::{j^^;i^sr){x2) : 

+2 : (J(';7i;..p)(xi)::(Jf2fi.5.)(x2) : 

I 1 

'(2) '^pup){xi) :: (J^S) 



+ : <^p.p)ixi) :: (7^2)" $.5.) (2^2) :] (4.10) 
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Introducing the propagator for the field ^fj,up in 5* at the second order and taking ^ k'^ we 
obtain the local amplitude for 4 gravitons. This amplitude is exactly what we obtain from Einstein 
action (|2.7jl at first order in the S'-matrix. In this section we don't give calculations detail report 
the calculus but only the idea of the mechanism (see the Appendix). Using Feyman diagrams we 
can depict the interaction at high (M| ~ and low (M| » energy, and this is very similar to 
what we find when we pass from I.V.B model to Fermi theory provided the following identifications 

V ^ (4.11) 
'^,up^W;l,W- (4.12) 
Gn^Gf (4.13) 

Qualitatively the 5'-matrix at the second order is : 



S ~ g'^[{dh)h^]{xi)[{dh)h^]{x2] ~ 
^ 9\dh)h^[dh)hr^ 

~ GN{dh)h{dh)h (4.14) 
At this point we analyse the result from the I.T.B model. 

In this model we can interpret the Newton constant Gn as proportional to the mass of the fields 
of rank 1, 3, and 5, (/>^, (j)^up and (ppupar tliat are the mediators of the gravitational interaction. 

G„ = ^ (4.15) 

The other important fact is that we can have a lower energy scale where gravity takes a quantum 
nature. In the low energy limit the non-local amplitude becomes local and comparing with the 
Einstein theory we obtain the following identification 

^ - {W-'y Gev-' (4.16) 

or : 

9 in-i9r^_,-i 



Gn ^W-'-'Gev-' (4.17) 



If the adimentional coupling constant " g" is very small {g <C 1), we can apply the perturbative 
theory and for g ~ 10~^ we obtain M$ ~ 10^^ GeV, that is the Grand Unification scale. If 5 ~ 10~^^ 
than M$ ~ 10^ Gev and we cauld see Quantum Gravitational effects at accelerators. 



4.1 Tensor Fields as Reducible Representation of the Poincare Group 

The tensor factors 14.31 14.41 e 14.51 inside the propagators have no definite symmetry. Now we rewrite 
the tensor factors 14.51 as a sum of propagators for other fields, with always rank 3 and 5, that 
are reducible representations of the Poincare group with definite tensor symmetry. We can write 
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the tensors K^^\ K^'^\ K^^^ as following. 
For 

we have 



^(3) 

l3Vp'r + ^'Hm'nu'yVpP + (4.18) 
+'np,aVu^ripl3 - Vp.pilui'npa + (4.19) 

+Vpl3Vi^aVp-f - r]pyr]^ar]pf3 + (4.20) 

7 7 , , 

+ ^VtijViyl3ripa - ■^Vp-y'nucxVpp + (4.21) 

13 

+^Vpl3riv^Vpa (4.22) 

Any line in the tensor (|4.22j) represents the propagator of a field that can be decomposed in 
irreducible representations of the Poncare group. 
For we have the following decomposition 

^(5) - ]^( I ^ 

p.±Uxp±&xai , ^l2U2p252(r2 ~ 2 ^^^^^^^2VI^11^2VplP2''^Sl52V(Tla2 ~r VpitJ.2'nuip2VplU2V5i52'n(TlCT2) 

5 _ 

+ 2 ^^/^l Vl^l 1^2 'nplp2 ''1&1&2 Vcri <J2 Vp.lP.2 Vl^l 1^2 Vpi cr2 (52 "Hcri p2 ) 

5 

At2^i/li/2^plP2^(5l<52^(J10-2 + ^pi/i2^;/10-2 ^pip2^(5l (52^0-1 i/2) (4.23) 

5 Interaction with 5 Gravitons (Tensor Structure) 

The interaction vertexes that contain 5, 6, ... n gravitons have a tensor structure such that we can 
obtain those interactions introducing one or plus gravitons into the four graviton vertex. To carry 
out this idea we must introduce another Lagrangian term to the I.T.B model; such term couples 
two massive fields with a graviton. This Interaction term in the low energy limit reproduces the 
tensor behaviour of the local interactions of the Einstein action. 

For example we consider a typical 5-gravitons interaction that we can obtain from the expansion 
of the Einstein-Hilbert action 

^(%ra. = m7TGN)^d^K^h%h^' sd^h'^h^ = (327rG,v) ^ V./i'^ 5 J'^"" (5.1) 
The Lagrangian term that we must introduce in the I.T.B model to reproduce is 

L(4) = V^'""'^%(r (5.2) 

Omitting the indexes, the total lagrangian is 

Lr = + L(4) = 5'J(i)<I> + ffM^/i^^ (5.3) 

To calculate the 5 gravitons amplitude in the I.T.B model, we consider the third order in the 
S'-matrix at tree level : 
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^(3) =^^l d*x,d^X2d^X3T[: L{xi) ■■ L{X2) :: L{x3) :] 

= ^J d''xid^X2d^xsT[: (5J'^i'^i''i$^,,,p, +5M$V-i^''''''"'^"%i<^i)(^i) ■ 



^^'^^ / d*xid^X2d^X3g^M^ X 



X : (Jg7a>^.p)(x(i)) :: (/i^^j^"^^ <I>^5)(.T(2)) :: ( J(\Y$,,^)(x(i)) : + ... 

(4i)^ /■,..„ ..... /• d'^k. piki(x2-xi) 



/^4l pik2{x3-X2) 



2 



= 9M^-Jd X,d X2d ^Sj J^,j (2^)4 fc2 _ 

X Jf;^''(xi) V(aJ2)^(i) ' ^p(a^3) + . . . ^ 
Comparing the result with the Einstein action we obtain (327rGjv)^ = | and so Gn ^ jp-- 

6 "n" Graviton Interaction (Tensor Structure) 

In the previous section we have introduced another Lagrangian term that reproduces all the inter- 
actions for 5 or in general "n" gravitons (n > 6) at least in the tensor structure. Now we omit the 
tensor indexes and we explain the mechanism. A typical Lagrangian term for 6 gravitons that we 
obtain from the Einstein action is : 

Legrav ~ {G N)\dh)hidh)hhh (6.1) 

This local interaction can be reproduced with the I.T.B effective Lagrangian 

Lt = + -L(2) + i^(3) + -^(4) (6-2) 

where L(i), L(2), -^(3), -^(4) were defined before. 

At fourth order we obtain the 6 graviton interaction 

-S^^^ = 1^ y d^xid^X2d''x3d''x4T[: Lt{xi) :: Lt{x2) :: Lrix^) :: Lt{x4) :] ~ 
~ {gdhh 4)(xi)(£?M$/ii ^){x2)igM<^h^ ^){x3){gdhh^){x4) ~ 

j^{dh)h{dh)hhh (6.3) 
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For the "n" graviton interaction we must take the S'-matrix at the "n — 2" order : 
5("-2) ~ {gdhh^){xi){gM^h^ i)(x2)(c/M$/ii i)(x3)(ffM$/i$ $)(x4) . . . 



. . . (c?M$/i$ i)(x„_2)(<7M$/ii ^){xn^i){gdhh^){xn) ~ 

^ * i^?-M| K|-M| Kl-Ml Kl_^-Ml 

fn-2 



-"g" ^fn i^ dhhhh dhh = 

= —dhhhh dhh (6.4) 

From the amphtude we obtain (Gat) 2 ~ 

7 I.T.B. Model Off-Shell 

In the previous sections we have taken on-shell gravitons that satisfy the fohowing relations : 

□V = 
d^h^, = 

/i% = (7.1) 

We can build the I.T.B model for off-shell gravitons too. In this case the rank 1,3,5 fields couple 
to the following general currents : 

j(i) ^ a^^Hd''Kp)h''p + h^^\d''Kp)h^p + c(i)(a^/i^)/i^ + S^\d''h^p)K 

j(5) = a^^\dPh''P)h''^ 

(7.2) 

8 String Theory and ITB Model Toward a More 
Fundamental Theory 

In this section we analyse the possible connections between string theory, in the critical dimension 
D = 2& for the Bosonic String or D = 10 for the Superstring, and the ITB Model introduced in 
the previous sections 9^. In particular in the string theory contest it is simple to verify (at least in 
the bosonic case) that in the low energy limit a' — > the effective vertexes for gravitons massive 
fields coupling contain only the tensor fields with rank S = 1, 3, 5 as in the ITB Model. 
The fondamental idea is the following: 

at very high energy (a' 00) we have a Gauge Theory of Massless Tensor Fields (G.T.H.S) that 
can lives in any dimension. In fact String Theory is Weyl anomaly free in this regime as we can see 
from the Virasoro algebra (|8.1() . This fundamental theory could have many different Higgs' s phases 
related with many different relative minimum of complicated potential. The conjecture is that two 
of those are the String Theory and the I.T.B Model vacuums. In this picture we see that there is 
not a prefered dimension as in field theory, but the dimension is a consequence of the symmetry 
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breaking. There is a vacuum where the massless fields of the microscopic theory become all massive 
with the exception of the gravitational multiplet and the spectrum is that of the String Theory so 
the dimension is D=10, and there is another vacuum where the theory reproduces the gravitational 
theory in analogy with the Fermi theory of the weak interactions. The first vacuum is a finite 
theory (String Theory) and the other is a renormalizable gauge theory of Higher Spin in D = 4 
dimension with spontaneous symmetry breaking that contains only the graviton as massless state 
and a residual gauge symmetry that is the infinitesimal version of the Diff-invariance of General 
Relativity. 

Lra] = (m - n)Ln+m + T^i"^^ ~ ^)^m+n ^ [Ln-, Lm] = (m - n)Ln+m (8.1) 

12 a 

Now we summarize the analogies between the Fermi Theory of weak interactions (F. T.W.I), General 
Relativity (G.R) and String Theory. At low energy the F. T.W.I model is a good approsimation of 
the weak interactions, it consists of a local vertex with four fermions and a fondamental constant 
Gp. At higher energies we see that the theory contains a vertex that consists of a fermionic current 
and a massive vector "W" (Intermediate Vector Boson Model, I.V.B). When we take the limit 
/c^ — > we obtain the F. T.W.I with Gp = l/Mw- In analogy we have introduced the Intermediate 
Tensor Boson Model (I.T.B) where now the fermionic current become a "pseudocurrent" with two 
gravitons and the W-bosons become fields with ramk S = 1,3,5. Finally we have a theory very 
similar to string theory in the a' — > 0, in fact in this limit we obtain that the dominant Lagrangian 
terms obtained from scattering amplitudes in string theory are equal to the terms introduced in 
the I.T.B model. 

It is likely there could be a microscopic theory of gravity similar to the standard model and we call 
this model : 

Gravity Standard Model (G.S.M), 

where all the fields are massless and the big gauge invariance that includes all the fields produce a 
renormalizable theory in 4-d. 

On the other hand in the a' — > oo limit, String Theory can live in any dimension and it is likely 
that it is a theory for massless higher spin fields HI, 121, I^, pi, fSl, 171, [HI that we call : 
Higher Spin Gauge Theory (H.S.G.T). 

In this pictures String Theory and the I.T.B theory are two different phases of a more microscopic 
theory of Higher Spin Fields but it is possible there is another description of the microscopic 
Universe. 

It is likely that String Theory and the I.T.B model are two different Hadronic phases of a Sub- 
Quark theory ^01; At high energy we have an SU{N) Yang- Mills Gauge Theory that 
contains Nj Sub-Quarks in a free phase. On the other side at low energy in the confinement phase 
we obtain an Hadronic spectrum that reproduce all the string spectrum near a vacuum or the I.T.B 
model near another vacuum. 

9 Outlook and Conclusions 

In this paper we introduced a simple model calling I.T.B (Intermediate Tensor Boson) for the de- 
scription of interactions with four or more gravitons. We took Fermi theory of weak interactions as 
a starting point. In particular we focused on the evolution of the Fermi theory in the I.V.B theory 
(Intermediate Vector Boson). In our model the square root of Gat constant is proportional to the 
inverse mediator mass Gn ^ g /M| , in analogy with the Fermi theory of weak interactions in which 
the square root of Fermi constant is proportional to the inverse proton massGi;' ~ 9 /^Proton- 
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In the four gravitons interaction case we introduced four Lagrangian terms that couple four "Grav- 
itational Currents" with tensor fields of spin 1,3,5. This is in analogy with the Fermi theory of 
weak interactions which couple the fermionic currents, containg two fermions, with the Bosons 
and W~ . We can summary the analogy between the I.V.B model and I.T.B model in the following 
identifications 



Gn^Gf (9.1) 



In order to obtain the local interactions of Einstein action we introduced tensor field propagators 
that are reducible representations of the Poincare group (see section H?T|) . 
We write the complete interaction Lagrangian for four gravitons interactions 

Li = gid^'KpWP^^ + g{d^'h'"')K '^^up + g{d''h^'')K '^^vp + gip^h^'W^ ^ p,p„r 

We also studied the interactions with 5, 6, ... n gravitons and we showed that the tensor structure 
can be reproduced in the I.T.B model using another Lagrangian term that contain a tensor field 
and two graviton without derivative. We write the complete interaction Lagrangian reproducing 
the tensor structure of all the interactions with 5, 6, ... n gravitons 

U = g{d^K^)h-P^^ + g(d^}f'')K '^pup + gid'^h^K '^^vp + 9{p^h}'')h''-^^,p,, 

+ g'M^\,^^^' + gM^\,^^P''^^ p„ + /M^ V^'^''""^^' (9-2) 

In this simple model the coupling constants are all dimensionless constants and the Newton constant 
is connected with the mediators mass Gat ~ 1/M|. Although the theory is not renormalizable 
because the mediators are higher spin fields. 

As we said in the section d it is likely there is a theory of gravity similar to the standard model for 
weak and electro-magnetic interactions. This more fundamental theory could be a gauge theory of 
higher spin fields and so the Quantum Gravity would be a possible broken phase of this theory. 
Another possible phase of our new theory could be a string theory as we said in[7| 
Another possibility is that there is an alternative more fundamental theory 0. It is likely that 
at high energy level we have an SU{N) Yang-Mills Gauge Theory that contain Nj Sub-Quark in 
a free phase. On the other side at low energy in the confinement phase we obtain an hadronic 
spectrum that reproduce the I.T.B model near a vacuum or all the string spectrum near another 
vacuum. 



Acknowledgements 

We are grateful to Enore Guadagnini, Eugenio Bianchi, Gabriele Marchi and Giuseppe Tarabella 
for many important and clarifying discussions. 



10 



A Explicit Calculation for 4 Gravitons Interaction 



S(2) = ^ d'^xid'^X2T[: + L(2) + L(3) + L(4))(xi) : 
: (L(i) + L(2) + -L(3) + L(4))(x2) :] = 
= ^ / d'xi(i^X2r[: + L(2)) : (x,) :: + L(2)) : (X2) :] + 

+T[: L(3)(2;i) :: i(3)(a;2) L(^4){xi) :: L(4)(a:2) :] + 

+ gravitons — contraction = 

- I d^x,d'x2[g' : (Jf/;^''^ %,u,p,){xi) :: ( Jf^f 4^,,,,,)(x2) : + 

r 



2! 



I 1 

T^y • (3) 'i'/^iJ/ipio-iri •■ W(3) ^M2i^2P2o-2r2 A'''2; • 

+gravitons — contraction = 

xj(';f^^(x2) + 

(27r)'^ kf - Ml Mi'^ipi,M2!^2P2 

xjf2r''(^2)+ 



Xjf2f'^(x2) + 



T^-CS) TM2l^2P2fT2T2/ N , 

^-"-^Jii/iPio-iTi ,^2i^2P20-2-r2'^(3) V-^^; ^ 



We continue the calculation in the limit M<j, — > 00, using the tensor 14.51 : 

- I d'x^[^{^^^h'^^'^^)K, "^{d.^K, '^-)K,,, + 



(A.i) 
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1 

2' 



13 1 

+ y /l^'^a^/l^'^V^rV + ^h'^'d^hP^h^Mpr + 

29, 



+_/iMva^/i^^/jP-a"/j^^] (A.2) 

The first 18 lines concern the rank 3 field, the hnes 19 and 20 concern the rank 5 and the final Une 
concerns the spin 1 field. Now we rewrite the result summing the equal terms in the first 18 lines. 



HI 

2M| 



5^ J d'^x[2h'"'drh„ph'^''dpK ^ - 2h'"'drKph'"'dahf, p + 

+^h^'''drKphrOph^ „ + ^h^'^'drKphP^d-'h^a + 
+2h^'^drKphp,d''h''P + h^'^'drh^pKadPh'"' + 

+\h^"'drh^pKad^hP'' + hP'd^hrpKadPK"' + 

+ ^h>'''d^hrpKa&'h''P + 

+ ^-hl'^d-'hP^h^„drhp, - ^hf^^d-^hP'^h^rd.hpr + 
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+ h^^-d^h^^hP'^d-'hp^] (A.3) 



If we want obtain the forth order term of General Relativity from the I.T.B model we must have 



2 2 

^'^^^ 2Mj = 647rGAr and so M| = j^i^- 
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